AHE ioe Heparin ‘Station.v was y established ee ae: of 
the Board of Trustees, December 8, “1903. . It-is the purpose of a 
ae ae FOS Station to earry on investigations along various lines of engi- et 
oe neering and to study problems of importance to professional engineers Le 
and to the manufacturing, railway, poe, cone ESOOne), and ey ae a 
aoe interests of the State. i es i 2a 


ee The control of theeWniginesring Hepevten? Station: is vested in 
=. 2 ae heads of the several departments of the College of Engineering. * 

‘These constitute the Station Staff and, with the Director, determine 
= the: character of the investigations to be undertaken. The work is” 
eae carried on under the supervision of the staff, sometimes by research — 
__. fellows as graduate work, sometimes by members of the instruetional _ aS 
—<. staff of the College of Engineering, but_more ee Ae by investl: fe 

eon belonging to the Station LOY pH ee a 


~The results of these investigations: are published in the form of aa 
~~ >- bulletins, which record ‘mostly the experiments of the Station’s own. - 
. staff of investigators. There will also be issued from timé to time in 
the form of circulars, compilations giving: the results of the experl-*  ~ 
-ments of engineers, industrial works, technical institutions, and a 

_ governmental testing departments. mee S 


The volume and’ number at the top of the title page of the. cover = 
are merely arbitr ary numbers and refer to the. general publications of 


-the University of Illinois; either above the title or below the seal is @ 
given the number of the Engineering Experiment Station bulletin or. * 4 
circular which should be used i in referring to these publications. a 
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For copies of bulletins, circulars, or other information address ‘the 
Engineering expenment, pasar, Urbana, Thinois. ee ea ek 
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I. INtTRopucTIon. ie 


1. Preliminary—tThe general use of concrete in various kinds of 
construction. and at all seasons of the year renders important a knowl- 
edge of the effect of temperature upon the strength of this material. 
It is of special economic importance to the contractor or the builder 
to be informed concerning the strength of concrete at early ages under 
_ different temperature conditions so that he may know when to remove 
Biorma and what loads may be safely applied to the different parts of 
a structure. 

2. Scope of eke —It is the purpose of this bulletin to fur- 
nish some information concerning the influence of temperature on 
the attainment of strength in concrete. . | 

Three groups of tests were made, viz.; forty-five 6 by 6-in. cylind- 
ers; fifty-one 6-in. cubes; and sixty 8 by 16-in. cylinders. | 

The temperature conditions were limited by available facilities. 

3. Acknowledgment.—The tests reported herein were made in the 
Laboratory of Applied Mechanics of the University of Illinois. The 
work was done under the supervision of the writer. Special ac- 
knowledgment is due to the Department of Theoretical and Applied 
Mechanics for the use of material and apparatus. The writer is in- 
debted to A. N. Talbot, Professor in Charge of Theoretical and Ap- 
plied Mechanics, and to Ira O. Baker, Professor of Civil Engineering, 
for their co-operation in planning the tests and in interpreting the 
data. 

The tests of Groups I and II—1913 Series—were made by J. Al- 
bert Anderson and W. J. Bublitz, senior civil engineering students 
of the class of 1914; and furnished the subject matter of their bac- 
ealaureate thesis. The tests of Group III—1914 Series—were made 
by J. Albert Anderson, a graduate student in the Department of Civil 
Engineering; and special credit is due Mr. Anderson for the prepara- 
tion of the tables and diagrams. All the tests were made with pain- 
staking care and faithful attention to uniformity and accuracy of 


manipulation. 
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II. Marertats, Form or Test Pieces, AND MrrHops or STORING AND — 


TESTING. 


4. Materials—The materials were of the same character and 
quality as those used for other concrete and reinforced conerete speci- 
mens made and tested by the Engineering Experiment Station dur- 


ing the past five years. The quality of the materials may be taken — 


as representative of that used in first-class concrete work in the Mid- 
dle West. 

Cement. All of the test specimens were made with Universal 
portland cement. Samples were taken at the beginning of each 
series and were tested for fineness, soundness, and tensile strength. 


The cement passed the requirements of the Standard Specifications — 


of the American Society for Testing Materials. The tensile strength 
tests of neat and 1:3 mortar briquettes made of a sample of the ce- 
ment used in Group III of the 1914 Series gave average values of 
542 and 609 lb. per sq. in. for the neat cement at seven and twenty- 
eight days, respectively ; and 174 and 295 Ib. per sq. in. for the 1:3 
mortar at seven and twenty-eight days, respectively. 

Sand. The sand used came from a deposit of glacial drift near 
the Wabash River at Attica, Indiana. The sand was clean and well 
graded. The sand of the 1913 Series was somewhat coarser than that 
of the 1914 lot. The sand used in Group IJI—1914 Series—gave a 
density of 1.79, a specific gravity of 2.65, and contained 32 per cent 
voids, 


Stone. The crushed limestone came from Kankakee, Illinois. The — 


stone used in the 1913 Series contained 87 per cent material smaller 
than one-half inch and 46 per cent material smaller than one-fourth 


inch. The stone used in the 1914 series was well graded. It con- 


tained 49 per cent voids, and had a density of 1.35 and a specific grav= 
ity of 2.65. It was carefully screened over a 14-in. screen before use, 
and contained 10 per cent of material smaller than one-fourth inch. 

5. Concrete—All the concrete was composed of one part cement, 
2 parts sand, and 4 parts broken stone, by weight; corresponding to 
1 part cement, 2.2 parts sand, and 3.6 parts broken stone, by volume. 
The materials for each specimen were weighed out separately and 
then mixed. - ‘ 

The mixing of the concrete for the 1913 series was done with a 
trowel in a large galvanized iron pan. The cement and sand were 
first mixed dry to a uniform color and spread out in a layer of uni- 


. 


ela ae v.Sa ne ae ey U Sr 
ESCRIPTION OF TEST SPECIMENS 


. Oi Number and Age of Specimens 
When Tested p 


6x 6-in. 5 specimens of each set; at 
cylinders 7, 14, and 28 days. 
inva | : 3 specimens of each set; at 
cubes 4, 7, 11, 14, and 28 days. 
8 x 16-in. 83 specimens of each set; at. F 
cylinders 3, 7, 10, 14, and 28 days. 


thickness over the bottom of the pan. The stone was then added, 
the whole mass given four complete turnings, which secured thor- 
ugh incorporation of the dry materials. Water was added, and the __ 
material turned until thoroughly mixed. The concrete was gathered 
. together in a compact mass, in one end of the mixing pan, soas to —— 
_ reduce evaporation losses to a minimum. The time of mixing of each + 
_ specimen was kept as nearly constant as possible. fy 
2 The concrete used in the 1914 Series was mixed in similar man- 
ner to that of the 1913 Series, but was mixed on the concrete floor of d 
the laboratory with shovels. 
6. Molding and Storage of Test Specimens.—The specimens were 
classified according to the form of test specimen and storage condi- 
tions. Table 1 gives the details of the classification. 


aa 


Se 


TABLE 2. 
= Data CoNCERNING MOLDING OF SPECIMENS 


Type reg) 4 Sa ae . Weights of Materials Water, 
of Set ime 0 per 
. Molding, 7 mt* 
Specimen : : CGon- | Cement, | Sand, Stone, ce 
eee alr crete Ib. Ib. Ib. 
ney A 8.5 32°F.| 70°F.) 2.17 | 4.34 | 8.68 10.0 
cylinders B 8.5 65 71 2.17 4.34 8.68 10.0 
Cc 8.5 84 70 2.17 4.34 8.68 10.0 
«6-1 D 7.0 TH 70 9,42 4.84 9.68 10.0 
Fakes E 7.0 75 | 70 2.42 4.84 9.68 11.0 
Fr 7.0 71 69 2.42 4.84 9.68 10.0 
8 x 16-in. G 68 69 10.2 20.4 40.8 9.3 
cylinders xe : 
M 


*The concrete used in Groups I and II was of a medium or quaking consistency; while 
that used in Group III was wet, and was similar in consistency to that used in concrete build- 


ing construction. . 
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Molding. The specimens of. Group I of the 1913 Series were 
molded in the storage rooms under the following temperatures: Set AX 
at 32°F., Set B at 65°F., and Set C at 84°F. The specimens of Group — 
II of the 1913 Series were molded in the cement laboratory at the fol- 
lowing temperatures: Set D at 77°F., Set E at 75°F., and Set F at — 
71°F. The specimens of Group III—1914 Series—were molded in 
the concrete room of the Engineering Experiment Station at a tem- 


perature of 68°F. The specimens of Group II and Group III were 
moved to their respective storage rooms after a set of six hours. 
The forms used for Group I were sheet-iron cylinders 6 in. in 


diameter and 6 in. high. The specimens of Group II were molded in — 


three-gang cube forms made up of two 6-in. channels and plates 
placed 6 in. apart. The forms for the specimens of Group III were 
sections of standard 8-in. wrought iron pipe, 16 in. long. The forms 
were removed from the specimens after a storage of two days. 

Table 2 shows the weight of the dry materials, the per cent of 


‘water in terms of the total dry materials, the temperature of the room 


and of the concrete, and the average time of molding. 

Storage. The temperature of the storage room was determined by 
daily readings of the maximum and minimum thermometers. The 
temperatures for the several groups are shown in Fig. 1-10. 

Set A was stored in the ice-storage room of the Smith Ice Company 


in Urbana, at an average temperature of 30°F. Set B was stored in | 


the meat storage room of the Smith Ice Company in Urbana, at an 
average temperature of 48.5°F. Set C was stored in the cement labo- 
ratory of the University of Illinois at an average temperature of 72.8°F. 

Set D was stored in the cement laboratory of the University of 


Illinois at an average temperature of 68°F. Set E was stored in the « 
ice chest of the Dairy Department of the University of Illinois at an 


average temperature of 35.5°F. Set F was stored in the ice-storage 
room of the Twin City Ice and Cold Storage Company of Champaign, 
at an average temperature of 27.1°F. 

Set G was stored in the ice-storage room of the Twin City Ice and 
Cold Storage Company at Champaign, at an average temperature’ of 
26.5°F. Set H was stored in the ice chest of the Dairy Department 
of the University of Illinois at an average temperature of 34.7°F. Set 
I was stored in an interior heated room of the Twin City Ice and 
Cold Storage Company of Champaign, at an average temperature of 
71.8°F. Set M was stored in a chamber of the conduit tunnel under 
the Floriculture building of the University of Illinois, at an average 
temperature of 95.6°F. 
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All the specimens while in storage were covered with several layers 
of moist sacking, which was sprinkled daily. 

7. Method of Testing.—All the specimens of Group I were taken 
from their storage places to the Laboratory of Applied Mechanics of 
the University of Illinois the day before they were tested. They were 
measured and weighed, their bearing surfaces coated with plaster of 
paris, and then were left in the open air of the laboratory for about 
twenty hours under a temperature of about 70°F. 

i The specimens of Group II were tested after about one hour from 
the time of their removal from the storage rooms. Two specimens 

of Set F, designated as F,, and F,,, after being stored under an aver- 
age mean daily temperature of 27.1°F. for forty-four days, were 
stored in the testing laboratory under an average mean daily tem- 
perature of 70°F, the former for seven days and the latter for twenty- 
one days. 

The specimens of Group III were brought to the testing labora. 

tory from their storage places, weighed, measured, plastered, and 
tested within one hour. The specimens of Set G, which were stored 
under freezing temperatures, were allowed to thaw out before being 
tested. 

In the tests a spherical- seated bearing block was used. 


Til. Tue Data. 


8. Observed Results —The results of the tests are given in Tables 
3 to 11, pages 8 to 16, and in Fig. 1-10. 

9. Standardized StrengthSince a cube or a cylinder having a 
height equal to its diameter, tested for compressive strength, may be 
expected to give a value which is higher than the representative com- 
pressive strength of the material, it seems desirable for the purposes 
of comparison to reduce the observed values for the cubes and short 
cylinders of Groups I and II to what may be considered as the equiva- 
lent values which would be obtained from cylinders of height equal to 
twice their diameter. To do this the values for the cubes and cylinders 
have been multiplied by 0.73, which is the ratio of strength of prisms 
to strength of cubes determined by the Committee on Specifications 
and Methods of Tests for Concrete Materials of the American Con- 
erete Institute. The reduced values are designated as the standardized 
strengths in Table 3 to 11, and are shown by the lower curve in Fig. 


1-10. 
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Fig. 2. SET B, Group I—1913 SsRizs—6 x 6-IN, CYLINDERS, 


Group I, 6 x6-in. Cylinders - 


Average | Crushing | Strength, | Average Standardized 
Set | Diameter, lb. Strength, 
i Ib. . in. Ib. per 
; Sq. in. 


— 6.0 55 300 1950 Area reduced b 
’ B 6.06 54 600 1900 1940 1410 ible voids. 
‘ 6.0 34 670 1230 
6.0 40 000 1420 
j 5.97 55 720 2000 
5.94 63 650 2310 
(6) 5.87 60 260 2220 2090 1530 
5.87 49 760 1840 Slightly skewed 
6.0 40390 | *1430 Badly skewed 
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COMPRESSIVE STRENGTH—AGE 42 Days 
Group II. 6-in. Cubes. 


s : Average : 
. Weight, | Size, | Crushing of a a Strength, spose 
Set lb. in. Pareney oa See lb. per 


aq. in. Tb. per sq. in. 


18.00 ** | 15 240 420 Specimens in 


trength, ‘Remarks 


18.75 |6x6x6 66 mr 1850 1780 1300 Broke uniformly 
E 18.75 22s) 62/880 1740 | 1780 1300 One corner broke 
18.75 me. 62 240 1740 Slightly skewed 
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TABLE 12. 


COMPRESSIVE STRENGTH—AGE 3 Days 
Group ITI—1914 Series—8 x 16-in. Cylinders 


. Average | Crushing | Strength, Average 
Set Hera Diameter, | Strength, | Ib. per meal: Remarks 
S in. Ib. sq. in. De 
sq. in. 
67.75 7.94 8 880 180 | Crumbled 
qG 67.25 7.87 9 720 200 190 
70.25 8.06 9340 | + 180 Crumbled_badly 
65.0 7.94 9950 200 
H 66.0 7.87 8 250 170 180 
65.0 8.0 9 250 180 Plaster loose on one 
end 
69.0 8.0 29 650 600 
ay 70.25 8.06 23 750 460 500 
69.75 8.06 22600 | 440 
64.0 8.0 24 000 480 
M 65.0 7.94 30 850 620. 500 
| 65.0 7.94 20 000 400. 


Crushing Strength- lb.persq.in. Temperature- 


Fia. 10. 
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-~-Maximum and Minimum. 
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Ser M, Group III—1914 Serims—S x 16-IN. CYLINDERS. 


Average 


Diameter, 
in. 


Crushing 


Strength, 
Ib. 


me 
ib; 


*Not used in calculating average strength. 


TABLE 14. 


CoMPRESSIVE STRENGTH—AGE 10 Days 
Group ITI—1914 Series—8 x 16-in. Cylinders 


horizontal erack 


s Average 
; Average | Crushing | Strength, mgth 
- Set Pe, Diameter, | Strength, | Ib. per eee per Remarks 
= in. lb. sq. in. sq. in, 
66.5 8.0 18 670 870 
G 67.5 7.87 18 280 370 400 
70.5 8.0 23 630 470 
68.0 8.0 25 000 500 2—8x8 forms 
H 68.5 8.12 30 680 600 540 
69.0 8.06 26 830 _ 530 ee 
67.5 8.06 44 700 880 Top crumbled 
ae 68.0 8.0 86 050 720 800 Skewed 
Fractured in transit 
68.0 7.94 59 620 1200 
M 69.0 8.06 46 700 920 1030 
69.5 8.06 49 540 970 2—8x8 forms 
TABLE 15. 
COMPRESSIVE STRENGTH—AGE 14 Days 
Group ITI—1914 Series—8 x 16-in. Cylinders 
. Average ss 
: Average | Crushing | Strength 
Set ees Diameter, | Strength, Ib. per’ gies Remarks 
in. Ib. Sq. in. sq. in. 
70.0 8.0 26 430 520 
G 68.5 7.94 25 330 510 510 
__ 69.5 8.06 25 420 500 
67.5 7.94 30 550 620 
H 64.5 8.06 35 100 690 690 
66.5 8.0 37 750 750 at ee 
66.0 7.94 51000 1030 Skewed slightly 
I 69.5 8.0 63 230 1260 1040 Bearing faces not 
67.0 8.0 _41430_ |+ 820 | parallel 
67.5 8.0 58 000 “1150 
M 66.5 7.94 40 650 820* 1220 Visible voids 
66.5 8.0 65 000 1290 i 


*Not used in calculating average strength. 
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10. Group I—The results of the tests of Group I, 6 by 6-in. 
cylinders, are given in Table 8, 4, and 5; and the relation between 
strength and age is shown in Fig. 1, 2, and 3, pages 8, 9, and 10. The 
curves are drawn through the average values for each group of five 
specimens for 7, 14, and 28 days. At the top of each figure is shown 
the temperature conditions for that set; the maximum, the minimum, 
and the mean temperatures. : 

11. Group II.—The results of the tests of Group II, 6-in. cubes, 
are given in Tables 6-11; and the relation between strength and age 
is shown in Fig. 4, 5, and 6, pages 11, 12, and 18. The strength and 
temperature curves are drawn as stated for Group I. —s 

The Sets D and E, Fig. 4 and 5, pages 11 and 12, were stored under 
substantially uniform temperature conditions, and give results of prac- 
tically the same character as those of Group I. 

The specimens of Set F were stored in a room where it was known 
the temperature would not be uniform. All of the specimens tested 
at 11 days were slightly disintegrated on the surface, and those tested 
at 28 days were badly disintegrated; while of those reserved to be 


- tested at 42 days only one could be tested at that date, the remaining 


specimens, F,, and F,,, being very badly disintegrated. Specimen 
F,, was tested at 49 days, and F,, at 63 days. Since there was only 
one specimen at each of these ages, and since none of the other groups 


- contained specimens at corresponding ages, the results of these two 


tests are not plotted in Fig. 6, and are not further considered. 

The results of Set F, indicate that the low temperature retarded 
the hardening action of the concrete, and that the alternations above 
and below freezing caused a softening and crumbling of the material. 

12. Group III.—The results of the tests of Group III, 8 by 16-in. 
cylinders, are given in Tables 12-16; and the relation between strength 
and age is shown graphically in Fig. 7-10. It is noteworthy that 
under a temperature’ slightly below freezing the concrete gained 
strength continuously, see Fig. 7, page 14. It is also interesting to 
note that the curve for a mean temperature of 26.5°F. is substantially 
of the same character as that for a mean temperature of 71.2°,—com- 
pare Fig. 7 and Fig. 9. 

13. Summary.—The results for the three sets of Group i are pre- 
sented in Fig. 11, page 19; and the corresponding values for Groups 
TI and III are given in Fig. 12 and 13. Fig. 11-13 show the relation 
between strength and age for the several mean temperatures. 

In Group I the test specimens were cylinders 6 inches in diameter 
and 6 inches high, and in Group IT the specimens were 6-inch cubes; 
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and pwine to the effect of the restraint of the pressing artnenee ‘ 
the testing machine, the results of these tests are not further consid- 
~ ered. - “- 
In Group III the test specimens were cylinders 8 inches in diam- 
eter and 16 inches high, and the interpolated results for these tests are 
presented in Fig. 14 to show the relation between strength and temper- a 
ature for the several ages. Fig. 14 may be employed to determine (1) a ; 
‘“ the strength which the concrete attained at different ages under acon- 
‘ stant temperature, (2) the age at which a particular strength was 
gained under the different temperatures, and (3) the strength which 
may be expected at different ages under different temperatures. The 
relative strength attained by concrete at different temperatures dur- 

_ ing hardening and at different ages may be expected to vary some- 
what with differences in cements, aggregates, and consistencies; but 
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Fig. 14. RELATION OF STRENGTH TO TEMPERATURE FOR DIFFERENT AGES. 
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s been drawn by taking values from the curves in Fig. | ’ 
s in a general way, the relation between the strength at 
ader 70°F. and the strength attained at various ages under — 
temperatures. Fig. 15 can be used in substantially the same __ 
way as Fig. 14. lal freee a8 a 
_ The tests summarized in Fig. 14 and 15 cover a wide range of 
temperature conditions, the average temperature varying from 20.4°F. 
to 90.6°F., and are fairly consistent; and hence it is believed these 


which may be useful in determining the time when forms may be re- 
- moved and loads applied. - 
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- 14. General Ree nts ~—<[t is believed ihe following gen ner 


clusions are justifiable. 
Vee 1. Under uniform temperature conditions, there was an ieee 
of strength with age within the limits of the tests. For any ih 
ture the rate of increase decreases with the age of the specimen; a 
this rate of increase is less correspondingly at the lower temperatut 
conditions. For the specimens tested, under normal hardening tem 
- perature conditions of from 60 to 70°F., the compressive strength of 
_the concrete subjected to a uniform temperature at the ages of 7, 14, — 
and 21 days may be taken as approximately 50 per cent, 75 per cent, 
and 90 per cent of the strength at twenty-eight days, respectively. a 
For lower temperatures the percentage values are less; and for higher 
temperatures the percentages are higher. The relation between the t3 
percentage values at the ages of 7, 14, 21, and 28 days is nearly thems 
same for temperature conditions from 30° to 70° F. However, the ; 
values for the lower temperatures should be used with caution. 

2. Concrete which is maintained at a temperature of 60° to 70° FR * 
will at the age of one week have practically double the strength of the 
same material which is kept at a temperature of 32° to 40° F. 

3. Fig. 14 and 15 may be used to determine the representative 
strength of concrete similar to that used in these tests, for various 
temperature conditions and for ages up to 28 days. These diagrams 
may be used with a fair degree of approximation to ascertain the rel- 
ative strengths which concrete of ordinary practice may be expected to 
attain at the different temperatures. It should be noted that gener- 
ally in this investigation the: specimens were stored under tempera- 
tures which were nearly uniform during the whole storage period. — 
In set F the variations in temperature include a number of alterna- 
tions above and below the freezing point and the specimens were seri- 
ously injured. The results accord with the well-known effect of freez- _ 
ing and thawing upon green concrete. 
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Drainage of Earth Roads, by Ira O. Baker. 

Fuel Tests with Illinois Coal 


The Engineering Experiment Stati f th i i inoi 
fier Woe cece ion 0: e University of Illinois, by 
Series of 1905, by Arthur N. 


Tests of Reinforced Concr 
Balbo. phos. Forty-five cents. ee 
Bulletin No. 5. Resistance of Tub 
1906. “None available. es to Collapse, by Albert P. Oarman and M. L. Carr. 
Mel reanaks No. 6. Holding Power of Railroad Spikes, by Roy I. Webber. 1906. None 
, Bulletin No. 7. Fuel Tests with Illinois Coals, by L. i 
act 4 B. Dirks. 1906. None available. Meee Pe Spear be, Se eee 
ulletin No. 8. Tests of Concrete: I, Shear; II, Bond, by Arthur N. Talbot. 1906 
N LO Ege ges 
ulletin No. 9. An Extension of the Dewey Decimal System of Olassification Applied 
to the Engineering Industries, by L. P. Breckenrid & Ae i 
Edition Fi $12. Fi hia conte. y ge and G. A. Goodenough. 1906. Revised 
ulletin No. 10. Tests of Concrete and Reinforced Concrete Columns. Ti 
by Arthur N. Talbot. 1907. None available. © eee 
__ Bulletin No. 11. The Effect of Scale on the Transmission of Heat Through Locomotive 
Saas Pes Ma abate = eee and nee M. eg ee 1907. None available. 
nm No. ests 0: einfore oncrete T-Beams, Series of 6, b A 
Talbot. oe None apatiable. ~e a Oe 
ulletin No. 18. n Extension of the Dewey Decimal System of Classification Applied 
to Architecture and Building, by N. Clifford Ricker. 1907. ke available. ze 
Bulletin No. 14. Tests of Reinforced Concrete Beams, Series of 1906, by Arthur N. 
Talbot. 1907. None available. ; 
Bulletin No. 15. How to Burn Illinois Coal Without Smoke, by L. P. Breckenridge. 
1908. Twenty-five cents. 
Bulletin No. 16. A Study of Roof Trusses, by N. Clifford Ricker. 1908. Fifteen cents. 
Bulletin No. 17. The Weathering of Coal, by S. W. Parr, N. D. Hamilton, and W. F. 
Wheeler. 1908. None available. ‘ 
Bulletin No. 18. The Strength of Chain Links, by G. A. Goodenough and L. E. Moore. 
1908. Forty cents. 
Bulletin No. 19. Comparative Tests of Carbon, Metallized Carbon and Tantalum Fila- 
ment Lamps, by T. H. Amrine. 1908. None available. 
Bulletin No. 20. Tests of Concrete and Reinforced Concrete Columns, Series of 1907, 
_by Arthur N. Talbot. 1908. None available. 
Bulletin No. 21. Tests of a Liquid Air Plant, by C. S. Hudson and C. M. Garland. 
1908. Fifteen cents. 
Bulletin No. 22. Tests of Cast-Iron and Reinforced Concrete Culvert Pipe, by Arthur 
N. Talbot. 1908. None available. 
Bulletin No. 23. Voids, Settlement, and Weight of Crushed Stone, by Ira O. Baker. 
1908. Fifteen cents. , 
*Bulletin No. 24. The Modification of Illinois Coal by Low Temperature Distillation, 
by S. W. Parr and ©. K. Francis. 1908. Thirty cents. 
Bulletin No. 25. Lighting Country Homes by Private Electric Plants, by T. H. Amrine, 
1908. Twenty cents. 
Bulletin No. 26. High Steam Pressures in Locomotive Service. A Review of a Report 
to the Carnegie Institution of Washington, by W. F. M. Goss, 1908. Twenty-five cents. 
Bulletin No. 27. Tests of Brick Columns and Terra Cotta Block Columns, by Arthur 
N. Talbot and Duff A. Abrams. 1909. Twenty-five cents. 
Bulletin No. 28. A Test of Three Large Reinforced Concrete Beams, by Arthur N. 
Talbot. 1909. Fifteen cents. : 
Bulletin No. 29. Tests of Reinforced Concrete Beams: Resistance to Web Stresses, 
Series of 1907 and 1908, by Arthur N. Talbot. 1909. Forty-five cents. 
*Bulletin No. 30. On the Rate of Formation of Carbon Monoxide in Gas Producers, by 
J. K. Clement, L. H. Adams, and ©. N. Haskins. 1909. Twenty-five cents. 
*Bulletin No. 31. Fuel Tests with House-heating Boilers, by J. M. Snodgrass, 1909. 


Fifty-five cents. 
é vFinotin Wo. 32. The Occluded Gases in Coal, by S. W. Parr and Perry Barker. 1909. 


Fifteen cents. ; 
: Bulletin No. 38. Tests of Tungsten Lamps, by T. H. Amrine and A. Guell. 1909. 


Twenty cents. 
é “Bulletin No. 34. Tests of Two Types of Tile Roof Furnaces under a Water-Tube 


Boiler, by J. M. Snodgrass. 1909. Fifteen cents. 
. Ps “Bulletin No. 35." A Study of Base and Bearing Plates for Columns and Beams, by 


N. Clifford Ricker. 1909. Zwenty cents. 2 : 
*Bulletin No. 86. The Thermal Conductivity of Fire-Clay at High Temperatures, by 


J. K. Clement and W. L. Egy. 1909. Twenty cents. 
Bulletin No. 87. Unit Coal and the Composition of Coal Ash, by S. W. Parr and W. F. 


Wheeler. 1909. Thirty-five cents. 
“Bulletin No. 88. "The Weathering of Coal, by 8S. W. Parr and W. F. Wheeler. 1909. 


ty- £8. 
Bee cletia No. 39. Tests of Washed Grades of Illinois Coal, by O. S. McGovney. 1909. 


Seventy-five cents. 
*A limited number of copies of those bulletins which are starred are available for free 
distribution. 


1910. Ten cents. 


Talbot and Herbert F. Moore. 1911. Thirty-five cents. 


Kressmann. 1911. Forty-five cents. 


1912. Fifty cents. 


hanna 40. A Study roe: Heat I 


~- 
*Bulletin No. 41. Tests of Timber. Bakond parker Be Talbot. 

*Bulletin No. 42. The Effect of Keyways on the Strength of shafts, by 
Moore. 1910. Ten cents. “A 
Bulletin No. 43. Freight Train Resistance, by Edward O. Schmidt. 1910. re 

ve cents, 
‘ Bulletin No. 44. An Investigation of Built-up Columns Under Load, by Arthu: 


*Bulletin No. 46. . The Strength of Oxyacetylene Welds in Steel, by Herbert L. 
more. 1911. Thirty-five cents. 
*Bulletin No. 46. The Spontaneous Combustion of Coal, by S. W. Parr and F. 


 *Bulletin No. 47. Magnetic Properties of Heusler Alloys, by Edward B. Stephenson. ‘- 
1911. Twenty-five cents. 
 *Bulletin No. 48. Resistance to Flow Through Locomotive Water Columns, by Arth ¢ 
N. Talbot and Melvin L. Enger. 1911. Forty cents. 5 
*Bulletin No. 49. Tests of Nickel-Steel Riveted Joints, by Arthur N. Talbot and Her “4 
bert F. Moore. 1911. Thirty cents. 4 
*Bulletin No. 50. Tests of a Suction Gas Producer, by C. M. Garland and A. P. Kratz. y 


*Bulletin No. 51. Street Lighting, by J. M. Bryant and H. B. Hake. 1912. Thirty- 
five cents. : i 

*Bulletin No. 52. An Investigation of the Strength of Rolled Zinc, by Herbert F. 
Moore. 1912. Fifteen cents. y 

*Bulletin No. 53. Inductance of Coils, by Morgan Brooks and H. M. Turner. 1912. 
Forty cents. 

*Bulletin No. 54. Mechanical Stresses in Transmission Lines, by A. Guell. 1912. 
Twenty cents. * 

*Bulletin No. 65. Starting Currents of Transformers, with Special Reference to ins 
formers with Silicon Steel Cores, by Trygve D. Yensen. 1912. Jwenty cents. Poh 

*Bulletin No. 56. Tests of Columns: An Investigation of the Value of Conerete as " 
Reinforcement for Structural Steel Columns, by Arthur N. Talbot and Arthur R. Lord. 1912. “J 
Twenty-five cents. 

*Bulletin No. 57. Superheated Steam in Locomotive igi A Review of Publication 
No. 127 of the Carnegie Institution of Washington, by W. F. M. Goss. 1912. Forty cents. | 

*Bulletin No. 58. A New Analysis of the Cylinder Performance of Reciprocating En- 
gines, by J. Paul Olayton. 1912. Siaty cents. 

*Bulletin No. 59. The Effect of Cold Weather Upon Train Resistance and Tonnage 
Rating, by Edward C. Schmidt and F. W. Marquis. 1912. Twenty cents. 

*Bulletin No. 60. The Coking of Coal at Low Temperatures, with a Preliminary Study 
of the By-Products, by S. W. Parr and H. L. Olin. 1912. Ywenty-five cents. 

*Bulletin No. 61. Characteristics and Limitations of the Series Transformer, by A. R. 
Anderson and H. R. Woodrow. 1913. Twenty-five cents. 

Bulletin No. 62. The Electron Theory of Magnetism, by Elmer H. Williams. 1913. 
Thirty-five cents. 
*Bulletin No. 63. Entropy-Temperature and Transmission Diagrams for Air, by C. R. | 
Richards. 1918. Twenty-five cents. . 
*Bulletin No. 64. ‘Tests of Reinforced Concrete Buildings Under Load, by Arthur N. 
Talbot and Willis A. Slater. 1918. Fifty cents. 

*Bulletin No. 65. The Steam Consumption of Locomotive Engines from the Indicator 
Diagrams, by J. Paul Clayton. 1918. Forty cents. 

Bulletin No. 66. The Properties of Saturated and Superheated Ammonia Vapor, by G. 
A. Goodenough and William Earl Mosher. 1913. Fifty cents. 

Bulletin No. 67. Reinforced Concrete Wall Footings and Column Footings, by Arthur 
N. Talbot. 1918. Fifty cents. . 
: *Bulletin No. 68. Strength of I-Beams in Flexure, by Herbert F. Moore, 1913. ZDwenty- . 
cents. 

*Bulletin No. 69. Coal Washing in Illinois, by I. C. Lincoln. 1913. Fifty cents. 

Bulletin No. 70. The Mortar-Making Qualities of Illinois Sands, by OC. O. Wiley. 1913. 
Twenty cents. 
5 tiie No. 71. Tests of Bond between Concrete and Steel, by Duff A. Abrams. 1914. 

ne dollar. 

*Bulletin No. 72. Magnetic and Other Properties of Electrolytic Iron Melted in Vacuo, 
by Trygve D. Yensen. 1914. Forty cents. 

*Bulletin No. 78. Acoustics of Auditoriums, by F. R. Watson. 1914. Twenty cents. 

*Bulletin No. 74. The Tractive Resistance of a 28-Ton Electric Oar, by Harold H. 
Dunn. 1914. Twenty-five cents. 
; sue No. 75. Thermal Properties of Steam, by G. A. Goodenough. 1914. Thirty- 
ve cents. 

*Bulletin No. 76. The Analysis of Coal with Phenol as a Solvent, by 8S. W. Parr and 
H. F. Hadley. 1914. Twenty-five cents. 

*Bulletin No. 77. The Effect of Boron upon the Magnetic and Other Properties of 
Electrolytic Iron Melted in Vacuo, by Trygve D. Yensen. 1915. Ten cents. é 

*Bulletin No. 78. A Study of Boiler Losses, by A. P. Kratz. 1915. Thirty-five cents. 

*Bulletin No. 79. The Coking of Coal at Low Temperatures With Special Reference to 
the Properties and Composition of the Products, by 8. W. Parr and °H. L. Olin. 1915. 
Twenty-five cents. 

*Bulletin No. 80. Wind Stresses in the Steel Frames of Office Buildings, by W. M. 
Wilson and G. A. Maney. 1915. Fifty cents. 

*Bulletin No. 81. Influence of Temperature on the Strength of Ooncrete, by A. B. 
McDaniel. 1915. Fifteen cents. 


a) eer 


; pea limited number of copies of those bulletins which are starred are available for free 
distribution. 


Bans m ms att ‘ RLS eRe Re) 


: ee see ee 


‘THE UNIVERSITY OF ILLINOIS Brie 


ge (THE STATE- UNIVERSITY | ogee ak agh Sete 
Sete gen => URBANA So ehS PS ee 


EpMunD- J. ‘JAMES, Ph. D, Lt. D., President 


“THE UNIVERSITY INCLUDES THE FOLLOWING DEPARTMENTS: 


“me ¢ Graduate School = < =a 3 
The: ‘College of Liberal Arts and Bcletices: “niet and ‘Modern: ieee: 
“and, Literatures; History, Economies and Accountancy, Political Science, — ae 
~ Sociology; Philosophy, Psychology, Education; “Mathematics; Astronomy; ” 
Geology}. Fbyeiesy. see alse aod Egy, Eton ery. Puysiolesy 
= Art and Design): 2 Sree 
The College of. “Enuthesring (Assniectes ‘Architectural, ‘Gérainin: Civil, Elec. os 
‘ trical, Mechanical, ‘Mamngs Municipal -and Banitary, and Railway: ‘Engh 


F neering) — Beate 

ane: College of: Agriculture (Suchhony: atau Husbandry; Dairy Hustendeys fea ae 

“Horticulture and Landscape Gardening; Veterinary Science; pears 

Ex ~ Extension; Teachers’ Course; Household peels ES ge x 

“The College of Law. (Three years’ course) Met os oe AD Eas ene 

-. fhe School of Education hemes eae ao eae 

pus ‘Phe Courses in Business (General Buaaiecs ‘Banking; Fes aati: Railway. es 

a “Administration; Insurance; Deckewrish Commercial saboleee 77 ais 

, ‘The Course in Journalism 

_ The Courses in Chemistry and Chemical Engineering 

; i ‘The School of Railway Engineering and Administration 

- he School of Music (Voice, Piano, Violin; 5 four years’ course) 

Fhe School of Library Science (two years’ course) ae Fe 
athe College of Medicine (in Chicago) © Ve a : 

The College of Dentistry (in Chicago) fs ese 

~ The School of Pharmacy (in Chicago; Ph.G. and Ph.0. courses) ete ge Sa 

Whe Summer Session (eight weeks) 

*"“Experiment Statiows: U. S. Agricultural Experiment Station; Engineering 

: Experiment Station; State Laboratory of Natural History; State Ento- ~~ 

mologist’s- Office; Biological Experiment Station on Mlinois-River; State. 

~~ Water Survey; State Geological Survey; Mine Rescue Station:, 

~ Phe: library. collections contain (July 1, 1915) 414,365. volumes, ineluding the 

“- library of the State Laboratory of Natural: History (8,100. volumes); the ~ 
Quine Medical Library (14,000 syolumee) ; end. the peed of tae School of 
Pharmacy (2,000 volumes) : 
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